Individuals with 22q11.2 microdeletions have cognitive and behavioral impairments and the highest known genetic risk for developing schizophrenia. One gene disrupted by the 22q11.2 microdeletion is DGCR8, a component of the "microprocessor" complex that is essential for microRNA production, resulting in abnormal processing of specific brain miRNAs and working memory deficits. Here, we determine the effect of Dgcr8 deficiency on the structure and function of cortical circuits by assessing their laminar organization, as well as the neuronal morphology, and intrinsic and synaptic properties of layer 5 pyramidal neurons in the prefrontal cortex of Dgcr8 +/− mutant mice. We found that heterozygous Dgcr8 mutant mice have slightly fewer cortical layer 2/4 neurons and that the basal dendrites of layer 5 pyramidal neurons have slightly smaller spines. In addition to the modest structural changes, field potential and whole-cell electrophysiological recordings performed in layer 5 of the prefrontal cortex revealed greater short-term synaptic depression during brief stimulation trains applied at 50 Hz to superficial cortical layers. This finding was accompanied by a decrease in the initial phase of synaptic potentiation. Our results identify altered short-term plasticity as a neural substrate underlying the cognitive dysfunction and the increased risk for schizophrenia associated with the 22q11.2 microdeletions. 
Individuals with 22q11.2 microdeletions have cognitive and behavioral impairments and the highest known genetic risk for developing schizophrenia. One gene disrupted by the 22q11.2 microdeletion is DGCR8, a component of the "microprocessor" complex that is essential for microRNA production, resulting in abnormal processing of specific brain miRNAs and working memory deficits. Here, we determine the effect of Dgcr8 deficiency on the structure and function of cortical circuits by assessing their laminar organization, as well as the neuronal morphology, and intrinsic and synaptic properties of layer 5 pyramidal neurons in the prefrontal cortex of Dgcr8 +/− mutant mice. We found that heterozygous Dgcr8 mutant mice have slightly fewer cortical layer 2/4 neurons and that the basal dendrites of layer 5 pyramidal neurons have slightly smaller spines. In addition to the modest structural changes, field potential and whole-cell electrophysiological recordings performed in layer 5 of the prefrontal cortex revealed greater short-term synaptic depression during brief stimulation trains applied at 50 Hz to superficial cortical layers. This finding was accompanied by a decrease in the initial phase of synaptic potentiation. Our results identify altered short-term plasticity as a neural substrate underlying the cognitive dysfunction and the increased risk for schizophrenia associated with the 22q11.2 microdeletions.
22q11.2 deletion syndrome | synaptic plasticity | field EPSP | patch clamp | neurogenesis O ccuring predominantly de novo, 22q11.2 microdeletions are among the most common chromosomal abnormalities (1) . Microdeletion carriers exhibit a spectrum of cognitive deficits (1) and ∼30% of them develop schizophrenia (SCZ) in adolescence or early adulthood (1) . Recurrent 22q11.2 microdeletions account for up to 1% to 2% of sporadic SCZ cases (2) . The majority of cases have a 3-Mb deletion, and 7% have a nested 1.5-Mb deletion that removes 27 known genes (1) . Although one or a few genes may have a greater phenotypic impact, it is the imbalance of several deleted genes that determines the overall phenotype (1) . Animal model studies seem to support this scenario and have been instrumental in identifying genes responsible for specific deficits (1) .
Using chromosomal engineering, we generated a mouse model carrying a 1.3-Mb chromosomal deficiency (Df(16)A) on mouse chromosome 16, which is syntenic to the 22q11.2 1.5-Mb microdeletion [Df (16) A +/− mice] (3). The Df(16)A +/− mouse strain provided compelling evidence that microRNA (miRNA) dysregulation emerges as a result of the 22q11.2 microdeletion (3). The deleted region of human chromosome 22 and mouse chromosome 16 contains Dgcr8, a key component of the "microprocessor" complex essential for miRNA production (4) . The Dgcr8 gene is haploinsufficient and an approximate halving of its expression results in the down-regulation (by ∼20-80%) of a specific subset of mature brain miRNAs that may account for a portion of the transcript misregulation observed in the brain of Df (16)A +/− mice.
To determine if Dgcr8 deficiency and the consequent alterations in miRNA biogenesis contribute to the neuronal abnormalities observed in Df(16)A +/− mice, we also generated heterozygous Dgcr8-deficient mice (homozygous deficiency results in embryonic lethality) (3) .
Working memory refers to the short-term retention of information aiming at planning and organizing a forthcoming action that can be delayed. Working memory deficits have become increasingly recognized as a key deficit in SCZ (5, 6) , and deficits in spatial working memory tasks have been found in children and adolescents with the 22q11.2 microdeletion (1, 7, 8) . Such deficits may reflect a more general disruption of the dynamics of neural networks that subserve sensory perception and cognition. Df(16)A +/− mice show a deficit in acquiring a working memorydependent task (the T-maze delayed nonmatch to place task) whose successful execution depends on the frontal regions of the mouse neocortex and their interaction with the hippocampus (9, 10). Interestingly, it was determined that this deficit arises, in part, as a result of deficiency of Dcgr8 and miRNA biogenesis, because heterozygous deficiency of Dgcr8 alone affects acquisition of the task without affecting associative memory (3). These findings highlight the contribution of this gene and of miRNAs to the cognitive phenotypes associated with the 22q11.2 microdeletions, and offer a unique opportunity to identify the neural substrates underlying these phenotypes.
Working memory theories typically invoke persistent neuronal activity and invariably propose a central and unique contribution of the prefrontal cortex (PFC). These models include nonmutually exclusive accounts of excitatory cortico-thalamo-cortical loops, reentrent cortico-cortical networks, local cortical circuit dynamics, and intrinsic cellular properties, and most rely on recurrent excitation that persists, even in the absence of continued sensory stimulation (11, 12) . Therefore, mutations that affect working memory may affect cortical networks structurally or functionally by impacting upon the establishment of neuronal connections, as well as synaptic transmission or plasticity. Dgcr8 is expressed in the developing and mature cortex but it remains unknown if reduction in Dgcr8 levels alters cortical function and, if so, whether it acutely impairs intrinsic and synaptic properties of cortical neurons or affects cortical circuitry or both.
To explore the effect of Dgcr8 deficiency in the structure and activity of cortical circuits, and to further our understanding of the cellular mechanisms underlying the cognitive dysfunction and psychiatric phenotypes associated with 22q11.2 microdeletions, we conducted electrophysiological and morphological analysis of prefrontal pyramidal neurons from Dgcr8 +/− mutant mice and their WT littermates. We found that layer 5 (L5) pyramidal neurons from mutant mice show normal intrinsic membrane properties and normal basal synaptic transmission upon activation of superficial layer afferents. In contrast, L5 neurons displayed a greater level of short-term synaptic depression (STD) and less potentiation following physiologically relevant highfrequency stimulation, likely because of a deficit at the presynaptic level. Changes in cortical synaptic plasticity were accompanied by modest changes in the density of layer 2/4 (L2/4) neurons, as well as a modest but significant decrease in the size of spines of basal dendrites of L5 pyramidal neurons. Our results strongly suggest that alterations in synaptic properties within the PFC due to miRNA dysregulation contribute to the cognitive impairments observed in mouse models and in patients with the 22q11.2 microdeletion. Because the same abnormal cortical processes mediating cognitive deficits may also underlie other symptoms, which cannot be readily modeled in mice (such as positive or negative symptoms), our results may offer more general insights into the nature of the neural substrates underlying 22q11.2-associated cognitive and psychiatric phenotypes.
Results

Basic Synaptic Transmission in the PFC Is Normal in Dgcr8
+/− Mice.
Fibers coursing across long distances in the superficial cortical layers carry top-down information from higher cortical regions (13, 14) , as well as feedback information from thalamocortical pathways (15) and feedback pathways through the hippocampus (16) . In the PFC, these top-down pathways are thought to contribute to cognitive processes (reviewed in ref. 17 ) that are impaired in SCZ patients, including working memory. Thus, to assess the top-down information processing in the PFC of Dgcr8 +/− mice, we used field recordings and we initially characterized the synaptic properties of neurons in L5 (a major cortical output layer of the PFC network) while stimulating at the border of L1 and L2/3 (Fig. 1A) . Stimulation applied at the border of L1 and L2/3 is thought to activate cortico-cortical afferent fibers contacting the apical dendrites of pyramidal neurons (13, 18) , as well as L2 pyramidal neurons whose axons collaterize locally in the cortex and provide many synapses onto the dendrites of L5 pyramidal neurons. Such inputs are known to make monosynaptic contacts with pyramidal neurons in L5.
Stimulation of the superficial layers of the medial PFC (mPFC) elicited typical field excitatory postsynaptic potentials (fEPSPs). The small initial nonsynaptic fiber volley, whose amplitude is proportional to the number of recruited afferent fibers, was followed by a prominent synaptic response. This fEPSP was quantified by measuring the initial slope of the linear rising phase (Fig. 1A) . The fEPSPs evoked at low stimulation frequency (0.033 Hz) were reproducible with a high signal-to-noise ratio. After a stable baseline, basal synaptic transmission was assessed by gradually increasing the stimulation intensity. Overall, no genotypic differences were observed in the amplitude of the fiber volley, or in the stimulusresponse curve ( : N = 7; n = 17; two-way repeated-measures ANOVA; P > 0.05). Thus, when the same number of afferent fibers are recruited, basal transmission is unaffected by the mutation.
Short-Term Synaptic Plasticity Is Impaired in the mPFC of Dgcr8
+/− Mice. Both short-and long-term synaptic plasticity can be induced in PFC networks in acute slices (19) (20) (21) (22) (23) and likely play an important role in PFC function. We first determined whether shortterm synaptic plasticity was impaired in the mPFC of the Dgcr8 +/− mice (WT: N = 7; n = 17; Dgcr8 +/− : N = 7; n = 17). The fractional neurotransmitter release, as assessed by a paired-pulse facilitation (PPF) protocol at various interstimulus intervals, was unchanged in the PFC of Dgcr8 +/− mice (Fig. S1B) (n = 17 slices per genotype; two-way repeated-measures ANOVA; P > 0.05). During the delay period of working memory tasks, PFC neurons can typically receive trains of inputs from neighboring cells in the 20-to 60-Hz range. Therefore, we determined the consequences of Dgcr8 deficiency on the response to trains of inputs within this physiological frequency range, by applying 40 impulses at 50 Hz. The superimposed sample traces of Fig. 1B show that in both genotypes, the fEPSP could follow a high-frequency stimulation, typically reflecting monosynaptic connections. At this stimulation frequency, the second evoked fEPSP was facilitated but the facilitation was not different between genotypes (Fig. 1B) (WT = 1.60 ± 0.12, N = 8, n = 14; Dgcr8 +/− = 1.40 ± 0.12, N = 7, n = 16; t test; P > 0.05). This facilitation was rapidly followed by a strong depression of the fEPSPs, which was greater in the Dgcr8 +/− compared with WT mice (two-way repeated-measures ANOVA; P = 0.0154).
To characterize synaptic plasticity at the single-cell level, we made whole-cell recordings and investigated STD under voltageclamp conditions. Biocytin-filled L5 pyramidal cells were clearly identified having the typical pyramidal cell morphology, with a prominent apical dendrite that extends up to the superficial layers (Fig. 1C) . Extracellular field and intracellular voltage- The short-term depression of the mean EPSC amplitudes is significantly greater in the mutant mice than in WT controls across experiments (twoway repeated-measures ANOVA; P < 0.05). Post hoc analysis revealed that the level of depression was significantly greater in the Dgcr8 +/− mice compared with WT mice at the 14th pulse (P = 0.033). (E) The mean amplitude of mEPSCs was not different between genotypes. WT mice (N = 4; n = 8); Dgcr8 +/− mice (N = 3; n = 4). Sample mEPSC traces of recordings from WT (black) and Dgcr8 +/− (red) mice are shown.
clamp recordings both measure synaptic currents and should corroborate each other. As expected, using the same 50-Hz stimulation paradigm as in the field recordings, intracellular recordings from L5 pyramidal neurons revealed that during the high-frequency stimulation train, the initial facilitation was not different between genotypes but the depression in amplitude of excitatory synaptic currents was greater in mutant mice ( : N = 9, n = 11; two-way repeatedmeasures ANOVA; P < 0.05). The synaptic depression remained greater in the mutant mice until the end of the train, similar to the field recording results. The greater depression observed in the mutant animals was not simply caused by a change in synaptic glutamatergic receptors, as no effect was observed on the amplitude of the miniature excitatory postsynaptic currents (mEPSCs) (Fig. 1E) (WT: 10.99 ± 0.75 pA, N = 4, n = 8; Dgcr8 +/− : 12.66 ± 1.18 pA, N = 3; n = 4). In addition, there was no effect on the spontaneous EPSC (sEPSC) amplitude, area, rise, and decay time (Table S1 ) (WT: N = 13, n = 21; Dgcr8 +/− : N = 13; n = 27; t test; P > 0.05). These results suggest that a change in transmitter-release characteristics may contribute to the enhanced depression of synaptic currents during 50-Hz stimulation.
Dgcr8 Deficiency Alters Postsynaptic EPSP Temporal Summation.
Changes in synaptic depression are likely to affect the temporal summation of synaptic inputs. Therefore, we evaluated the effect of Dgcr8 deficiency under current-clamp conditions ( Fig.  2A) (WT: N = 10, n = 12; Dgcr8 +/− : N = 10, n = 15). Two approaches were used to measure the depolarizing synaptic responses recorded in L5 pyramidal neurons. First, we measured the amplitude of each individual EPSP from a baseline obtained just after each pulse in the train (Fig. 2B, Inset) . Measured in this way, the peak amplitude of the EPSPs ignores the effect of residual depolarization from the preceding EPSP in the train. This measurement revealed no significant genotypic difference (two- (Fig. 2C, Inset) . This analysis revealed a decrease in the level of the depolarization in mutant mice during the 50-Hz train. Specifically, after the initial 20 pulses, the area values of the mutant mice decreased rapidly toward baseline levels, whereas the values of the WT mice were still 40% above baseline at the end of the stimulation train (Fig. 2C) . The interaction between genotype and EPSP area was significantly different, indicating an effect on the shape of EPSP summation (two-way repeated-measures ANOVA; P < 0.0001). This difference in EPSP summation is likely to be a consequence of a decrease in transmitter release in the mutant mice during the stimulation train. Interestingly, the membrane properties of postsynaptic L5 pyramidal neurons tested here, such as the membrane time constant, τ (24), the hyperpolarization-activated, cyclic nucleotide-gated (HCN) cation channel activation (25) , and cell excitability do not seem to contribute to the genotypic difference in the amount of EPSP summation during synaptic depression (SI Text, Fig. S2 , and Table S2 ).
Initial Phase of Synaptic Potentiation Is Impaired in the mPFC of Dgcr8 +/− Mice. In L5 of the mPFC of rodents, trains of pulses at 50 Hz have previously been used to induce synaptic potentiation (19) (20) (21) . Thus, we used field recordings to compare the level of potentiation induced by high-frequency stimulation in both mutant and WT mice (WT: N = 8, n = 12; Dgcr8 +/− : N = 7, n = 14). A 50-Hz stimulation train applied after a stable 10-min baseline was sufficient to induce synaptic potentiation (Fig. 3A , single arrow; Inset, traces from before and immediately after the first 50-Hz train are shown). However, this potentiation, monitored every 30 s for 15 min, was significantly reduced in the mutant mice (WT = 1.84 ± 0.10; Dgcr8 +/− = 1.50 ± 0.07; twoway repeated-measures ANOVA; P = 0.0094). After 15 min, the high-frequency train was applied four additional times, separated by 10 s (Fig. 3A, four arrows) and the fEPSP slopes were monitored for 40 min following the stimulation. This second round of stimulation revealed that potentiation was significantly less in mutant mice, but only during the initial 20-min period, a time approximately corresponding to the time course of short-term potentiation (reviewed in ref. 26 ). In contrast, the level of longterm potentiation when assayed 40 min after the repeated tetani was not different between genotypes (Fig. 3A) (WT = 1.39 ± 0.09; Dgcr8 +/− = 1.33 ± 0.17; t test; P = 0.74).
Synaptic Transmission and Plasticity Are Normal at the CA1/CA3 Synapse of Dgcr8
+/− Mice. In contrast to impaired spatial working memory performance, Dgcr8 +/− mice show normal hippocampaldependent long-term associative memory (3). Using field recordings in acute hippocampus slices, we probed hippocampal synaptic transmission and plasticity by recording in the stratum radiatum of the CA1 region while stimulating Schaffer collaterals of Dgcr8 +/− mice (Fig. S3A) . At this CA3 to CA1 synapse, the strength of the baseline synaptic transmission was unaltered by Dgcr8 deficiency (Fig. S3B) . PPF, reflecting the release probability, was also unchanged (Fig. S3C) . Further analysis of synaptic plasticity showed that both STD (Fig. S3D ) and the initial and later phases of long-term potentiation (Fig. 3B) were normal in this brain region.
Thus, unlike the robust deficits observed in the PFC and in agreement with the previously shown lack of deficits in hippocampus-dependent cognitive tasks, basic synaptic transmission and plasticity at the CA3/CA1 synapse of Dgcr8 +/− mice appear to be normal. This discrepancy may be related to differences in the specific miRNAs affected in the two areas (3) or to some yet poorly understood resilience of CA3/CA1 synapse to miRNA dysregulation. Therefore, the effects of Dgcr8 deficiency on synaptic plasticity are not manifested ubiquitously in the brain.
Laminar Organization in the Cortex of Dgcr8
+/− Mice. Alterations in the laminar organization of the neocortex may also impact upon the network dynamics underlying working memory and other cognitive processes that are impaired in SCZ patients. We therefore looked for changes in the positional arrangement and neuronal density of the cortical layers in the frontal cortex of 6-wk-old Dgcr8 +/− mice, using the pan-neuronal marker, NeuN. There were no overt alterations in laminar organization (Fig.  4A) , and with the exception of a modestly diminished NeuN cell frequency in medial, dorsal, and lateral L2/4 ( Fig. 4B and Fig.  S4A ) [Bin 2 (superficial L2/4): 11.1% reduction, P < 0.001; Bin 3 (deeper L2/4): 12% reduction, P < 0.001; n = 18 per genotype], we found no overall significant change in the total frequency of neurons across the cortical layers. We further evaluated the change in neuronal density in L2/4 by staining for Cux1, a L2/4 selective marker (27) . Consistent with the NeuN staining, there was a decrease in the frequency of neurons labeled for Cux1 in the medial, dorsal, and lateral frontal cortex (Fig. S4B) .
Given the well-established role of miRNA in cellular proliferation (28), we asked whether this cortical abnormality could be a result of changes in cortical neurogenesis. Basal progenitors located at the cortical subventricular zone (SVZ), at E16.5 give rise primarily to L2/4 projection neurons (29) . We found reduced frequency of mitotic basal progenitors, identified by phosphohistone 3 immunoreactivity (PH3; a G2/M-phase cell-cycle marker), as well as their SVZ location, at embryonic day E16.5 (n = 16, P < 0.02) (Fig. 4 C-F) . In contrast, apical progenitors cells located in the cortical ventricular zone (VZ) appeared to be unchanged. We found no difference in the frequency of PH3-positive progenitors at E13.5, suggesting that Dgcr8 deficiency selectively influences late stages of corticogenesis. To further relate the observed change in L2/4 neuron frequencies to altered basal progenitor proliferation at E16.5, we analyzed neurons birth-dated by BrdU injection on E16.5 in the P5 cortex. As expected, E16.5 birthdated-labeled neurons were primarily located in superficial L2/4 and their frequency was significantly decreased (n = 18, P < 0.003) (Fig. S5) . Notably, the decrease in the density of L2/4 neurons due to Dgcr8 deficiency is consistent with recent reports of similarly altered frequency of L2/4 neurons in the cortex of a mouse model of the 22q11.2 microdeletion (30).
Dendritic Branching and Spine Development in the Cortex of Dgcr8
+/− Mice. We looked for deficits in dendritic branching and dendritic spine development in the basal dendrites of L5 neurons by intercrossing the Dgcr8 +/− mice with a reporter strain (Thy1-GFP/M line), where L5 pyramidal neurons are intrinsically labeled in a relatively sparse mosaic manner with GFP throughout the cell body and dendritic tree. Cortical pyramidal neurons in L5 receive inputs from all cortical layers but numerous excitatory cell types target almost exclusively the basal dendritic arborization (18) . Morphotypic analysis of mushroom spines showed a slight decrease in the width of spines in the basal dendrites of PFC pyramidal neurons from Dgcr8 +/− mice (∼8%, KolmogorovSmirnov test, P < 0.007), whereas their length was unaffected (Fig. 4 G, H, and I) . In addition, the mushroom spine density was normal (t test, P = 0.21) (Fig. 4J) . Analysis of gross dendritic development in the PFC of Dgcr8 +/− ;Thy1-GFP/M +/− mice did not reveal any significant genotypic effect on dendritic complexity at varying distances from the soma (n ≥ 25, P > 0.05) (Fig.  S6A ). In addition, no significant differences were observed when comparing the number of primary dendrites or branches and total dendritic length (Fig. S6 B-D) .
Discussion
Emerging evidence suggests a strong association between miRNAdependent dysregulation of gene expression and susceptibility to psychiatric disorders, such as SCZ (3, 31, 32) . In particular, previous work has shown that impaired miRNA formation (caused by Dgcr8 deficiency) is one of the genetic factors contributing to the behavioral and neuronal phenotypes associated with 22q11.2 deletions, a well-established SCZ predisposing mutation. In that respect, the analysis presented here sheds light on how impaired miRNA formation alters the structure and function of neural circuits thought to underlie susceptibility to SCZ and other psychiatric disorders.
We show that L5 neurons of Dgcr8 +/− mice display robust alteration in STD upon stimulation, at firing rates within the physiological firing range (20-60 Hz) observed in PFC neurons during the delay period of working memory tasks (33) (34) (35) . It is widely hypothesized that sustained activity of PFC neurons, during a delay period between the presentation of a brief, informative cue and the generation of a behavioral response, underlies the transient retention of information, in the absence of continued sensory stimulation, in working memory tasks. In this respect, our finding that Dgcr8 mutants display increased synaptic depression upon sustained activation of afferent fibers in the PFC predicts that similar changes would occur during persistent bursts of synaptic inputs in vivo during working memory tasks. Such changes may interfere with the induction and maintenance of sustained activity and ultimately alter circuit dynamics and working memory performance. In addition to the greater level of STD, we show that the activation of superficial layers' afferent fibers projecting onto L5 neurons leads to a robust decrease in the initial but not late phase of synaptic potentiation in the Dgcr8 +/− mutants. This observation provides further support for the notion that Dgcr8 deficiency specifically affects the expression of short-term forms of synaptic plasticity in response to repetitive stimulation. Such aberrant short-term synaptic dynamics within PFC networks may represent a pathological neural substrate underlying dysconnectivity, cognitive dysfunction, and inability to accurately interpret and integrate incoming sensory information present in SCZ and other psychiatric disorders (36, 37) . Therefore, our study identifies a candidate synaptic mechanism that can be tested in vivo for its role in behavioral and cognitive performance and can be targeted for pharmacotherapy.
Although the physiological changes highlighted here are clear, the mechanisms underlying short-term plasticity are complex and diverse, and the precise role of Dgcr8 in this process remains to be determined. The early phases of the time courses of facilitation, depression, and potentiation overlap (26, 38) , making their mechanisms difficult to dissect in time. However, because STD and short-term potentiation are thought to strongly depend on presynaptic neurotransmitter release, and because, as shown here, both are impaired in the mutant mice, our results are consistent with a deficit at the presynaptic level. In particular, the observed reduction in the size of the EPSCs during the 50-Hz train in both genotypes likely reflects a decrease in probability of presynaptic neurotransmitter release (26) . Moreover, because the amplitude of mEPSCs was unaltered, it seems unlikely that the mutation affects postsynaptic sensitivity. Synaptic depression could be caused by a depletion of a readily releasable pool of synaptic vesicles, and that this pool could be smaller in size or show delayed recycling in mutant animals, possibly because of miRNA-dependent aberrant regulation of intraterminal calcium level or its downstream effects. The relevant miRNA targets remain to be identified. Similarly, the mechanisms mediating changes in the initial phase of synaptic potentiation remain equally unclear. However, such deficits may simply emerge as a result of greater synaptic depression and lower neurotransmitter release, with subsequently diminished postsynaptic depolarization at the end of the tetanization.
In contrast to the robust deficits observed at the synaptic level, at the structural level we observed relatively modest and circumscribed changes. Nevertheless, the observed modest and layer-specific structural changes in the Dgcr8-deficient cortex may result in local and long-distance disruptions in cortical circuitry and partly contribute to the cognitive deficits observed in the Dgcr8 +/− and Df(16)A +/− mice. Communication between neurons at synapses must be involved in neuropsychatric disorders (39) (40) (41) . However, more specific hypotheses are needed to discriminate among key synaptic mechanisms that may contribute to impaired transformation and transmission of information at existing synapses in the brains of individuals afflicted with various psychiatric and neurodevelopmental disorders. Results presented here, from our analysis of a gene and a pathway disrupted by the 22q11.2 microdeletion, suggest that altered STD within prefrontal cortical microcircuits may be a key trigger of altered working memory in SCZ and emphasize a more general role of disturbances of shortterm plasticity as a key feature of mutations predisposing to SCZ, and more broadly to mental illness.
Materials and Methods
Animals. Experiments were performed on 4-to 6-wk-old Dgcr8 +/− mutant mice and their WT littermates (3). Generation of Dgcr8 +/− mice has been described previously (3) . The Dgcr8 mutation was backcrossed into the C57BL/6J background for more than six generations. The animal procedures were carried out in accordance with and approved by the Columbia University Institutional Animal Care and Use Committee.
Analysis of Spine and Dendritic Morphology. This analysis was performed as described previously (3) . See SI Materials and Methods.
Electrophysiological Recordings. Electrophysiological experiments were performed on coronal PFC slices (300 μm) containing the prelimbic and infralimbic PFC areas (42) (Fig. 1A) . The fEPSP responses were evoked using a concentric bipolar stimulating electrode (FHC, Bowdinham, ME) placed at the border of L1 and L2/3 (300 μm from midline). The stimulation site was always aligned ∼ 200-μm away from the recording site along the axis perpendicular to the pial surface. Basic synaptic transmission was characterized at 0.033 Hz, with stimulation intensities of 3 to 15, 18, 20, and 25 V (pulse duration = 0.1 ms). The following experiments were performed at a stimulus intensity generating a fEPSP one-third of the maximum obtained at 25 V. Short-and long-term synaptic plasticity were induced using paired-pulses (interstimulus intervals of 20, 50, 100, 200, 400, and 800 ms) and an 800-ms 50-Hz train stimulation (pulse duration = 0.1 ms) protocols, respectively. The frequency, size and kinetics of sEPSCs were obtained from sEPSC recorded for a period of 5 min at −70 mV. Miniature EPSCs were recorded with 0.5 μM TTX present in the bathing solution. To assess STD, EPSCs and EPSPs were evoked by stimulating at the border of layers 1 to 2/3 using an 800-ms 50-Hz train (pulse duration = 0.1 ms). Intrinsic membrane properties were measured by intracellularly injected square current pulses of 500 ms, from −0.150 nA to +0.210 nA (0.015-nA increments). For additional details on electrophysiological recordings, see SI Materials and Methods.
